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@ Steering and suspension system for vehicles with one steerable wheel, especially for two-wheeled 
vehicles. 


@ A steering system is described for the front 
wheel (R) of a motor vehicle, the hub (10) of 
which is connected to the suspension (1, 7) by 
pivot means (9) which define the steering axis, 
said axis being suitably inclined to the rear to 
form the necessary trail (AV). In this system said 
hub possesses an upward extension (10A) con- 
nected to the handlebars (12) by a linkage 
comprising : at the end of said extension (1QA, 
110) a first pivot (24) of transverse axis connect- 
ing it to a first end of a connecting rod (16) ; and 
a control bar (18) connected at a first end, via a 
Hooke-type joint or equivalent (20), to the axis 
of the handlebars (12), and at the second end, 
via a second pivot (22) of transverse axis, to the 
other end of said connecting rod (16). Means 
(16; 22; 24) are also provided to enable the 
control bar (18) to swing with respect to the hub 
extension (1QA, 110) about an essentially lon- 
gitudinal axis lying in the vertical mid plane of 
the wheel. 
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Description 

The invention relates to a steering system for the 
front wheel of a motor vehicle, the hub of which is con- 
nected to the suspensions by pivot means which de- 
fine the steering axis, said axis being suitably inclined 
to the rear to form the necessary trail. 

More particularly, the invention relates to a steer- 
ing system of the kind including: a handlebar; a sup- 
porting member or hub for the front wheel; a suspen- 
sion to which said supporting member is hinged about 
a steering axis; and a link assembly connecting said 
handlebar to said supporting member, said link as- 
sembly including a control bar a first end of which is 
linked to said handlebar by means of a Hook-type 
joint or equivalent and a connecting rod a first end of 
which is hinged via a first pivot having a transverse 
axis to a second end of said control bar, the second 
end of said connecting rod being connected to said 
supporting member via a second pivot having a tras- 
verse axis. 

Such a steering system is known from EP-A-0 
235 040. In this known system the control bar and the 
connecting rod are of equal length and are mutually 
connected by a pivot The connecting rod is subject 
to both torsional as well as flexural or bending stress- 
es. 

This known steering system is not suitable for use 
in small-wheeled motorcycles or motor scooters. 

Further steering systems have been designed, all 
of which have several disadvantages, both in term of 
mechanical complexity as well as in cost of produc- 
tion. 

The front suspension of the present-day motor 
vehicles is generally formed by an elastically tele- 
scopic fork supporting the wheel pin on both sides of 
the wheel. As an alternative, a rigid fork may be em- 
ployed, whose lower ends carry pivots for two swing- 
ing arms supporting the wheel pin. The assembly in- 
volves a trailing wheel if the pivots of the swinging 
arms are ahead of the axle of the wheel and a leading 
wheel if said pivots are behind it In other embodi- 
ments the suspension is formed on one side only of 
the wheel to make it easy to remove. Only half the fork 
remains, and is strong enough to support the swing- 
ing arm and the wheel in a side-mounted arrange- 
ment 

All these systems have in common the fact that 
the pivot on which the wheel is steered is located 
above the wheel on the mid plane of the vehicle inside 
a tubular member of the frame called, as on bicycles, 
the headset This system entails some elasticity in 
the steering of the wheel, heavy loads on the steering 
bearings, especially during braking, owing to the 
height of these bearings off the ground, and large 
bending moments in the upper part of the frame. This 
makes it difficult to lighten the system as certain 
members must have the necessary strength and rig- 


idity. 

A number of approaches have been advanced as 
solutions to these problems, generally employing two 
superimposed longitudinal arms pivoted to the frame 

s and forming an articulated quadrilateral, one of these 
arms being approximately level with the axle of the 
wheel and the other above it; at the end of the lower 
arm a ball joint is pivoted directly in the wheel hub and 
at the end of the upper arm a similar joint pivots on a 

10 hub extension which projects above the wheel. Both 
joints have their centre on the mid plane of the wheel 
and form its steering axis. A variety of methods have 
been proposed for controlling the steering of the 
wheel through the handlebars. These methods prove 

is to be highly complex, very expensive and also of no 
little weight 

The object of the present invention is to solve the 
problems cited above arising from the conventional 
fork, but without incurring the complexity and cost of 
20 the abovementioned innovative systems. A further 
object of the present invention is to provide a steering 
system which can be applied to any motorcycle, and 
in particular to small-wheeled motorcycles or motor 
scooters. 

25 These and other objects and advantages, which 
will become clear to the skilled in the art from the fol- 
lowing description, are obtained with a steering sys- 
tem according to the preamble of claim 1 and which 
is further characterized in that said first pivot and said 

30 second pivot are mutually connected by said connect- 
ing rod in such a way that the axes of said pivots can 
oscillate one with respect to the other about a longi- 
tudinal axis extending substantially parallel to said 
connecting rod. 

35 When the front wheel is not turned, that is when 
the motor vehicle is travelling in a straight line, the 
control bar and the supporting member of the front 
wheel are essentially parallel to the vertical mid plane 
of the wheel and the transverse axes of the two pivots 

40 are parallel with each other and perpendicular to the 
vertical mid plane of the wheel. When turing, the con- 
trol bar can swing with respect to the front wheel sup- 
porting member, so that whatever the position of the 
wheel, the connection between the supporting mem- 

45 ber and the handeibar are always secure. 

In a possible embodiment the first end of said 
connecting rod is hinged to said control bar via a 
Hook-type joint forming said first pivot Alternatively, 
the second end of said connecting rod is hinged to 

50 said supporting member via a Hook-type joint forming 
said second pivot In both cases the fork of the Hook- 
type joint ensures the angular relevant movement be- 
tween the two transverse axes of the pivots connect- 
ing the connecting rod to the control bar and to the 

55 supporting member of the front wheel respectively. 

In a preferred embodiment, however, the con- 
necting rod is made of two axially connected parts, 
which are free to angularly move one with respect to 
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the other about an axis parallel to the axis of the con- 
necting rod, and the f rst part of said connecting rod 
is hinged to said control bar and the second part is 
hinged to said supporting member. In particular, said 
two parts forming said connecting rod may be co- 
axial. This preferred embodiment allows a reduction 
of clearance with respect to the embodiment using a 
Hook joint, since the two parts of the connecting rod 
have a large sliding and guiding surface. 

Advantageously the control bar is longer than the 
connecting rod and the latter preferably points for- 
ward, the end pivoting on the control bar being further 
forward, with respect to the forward motion of said 
motor vehicle, than the end pivoting on the supporting 
member. This provides easily accessible luggage 
space. 

The front wheel may be supported by at least one 
swinging suspension arm pivoting on the frame about 
a transerse axis, extending forwards and being locat- 
ed laterally to the front wheel, said swinging arm sup- 
porting a pivot on which the front wheel supporting 
member is pivoted. The front wheel could, however, 
also be supported by two swinging arms hinged to the 
frame on cylindrical pivots having substantially trans- 
verse axes and to the wheel on ball joints, said ball 
joints defining the steering axis. 

At least one of the suspension arm is provided 
with a spring-damper system or with some equivalent 
suspension system, e.g. a torsion bar and a damper. 

The swinging arm of the front wheel and the 
swinging arm of the rear suspension are preferably 
hinged close to each other on the lower part of the 
frame. In this way all the stresses caused by the road- 
way are transmitted to the frame only in its lower part, 
while the part that extends upwards towards the han- 
dlebar can be much lighter than in current frames 
since it is designed to withstand only stresses coming 
from the handlebar and not those coming from the 
roadway. 

The upper part of the frame that extends upward 
to support the handlebar can be constructed in the 
form of an inverted U, leaving the central part of the 
vehicle normally occupied by the frame and headset 
empty. Unoccupied by any structures, this area can 
then be used - behind the control bar - as a volumi- 
nous space for holding luggage or other items. 

Further advantageous characteristics of the in- 
vention are indicated in the accompanying claims. 

A clearer understanding of the invention will be 
obtained from the description and accompanying 
drawing, which latter shows a practical non-restric- 
tive illustrative embodiment thereof. In the drawing: 

Fig. 1 shows a diagrammatic side elevation of a 

motor vehicle; 

Fig. 2 shows the same in a schematic front ele- 
vation; 

Figs. 3 and 4 show a cross section taken through 
the line Ill-Ill and a cross section taken through 


the line IV-IV, respectively, as indicated in Fig. 1, 
the latter cross section being enlarged; 
Figs. 5 and 6 show an enlarged detail of Fig. 1 
and a cross section taken through the line VI-VI 

5 indicated in Fig. 5, respectively; and 

Figs. 7 to 11 show alternative embodiments. 
With reference to Figs. 1 , 2 and 3, the suspension 
is formed by an arm 1 pivoting on and swinging with 
respect to the frame 3 about a transverse axis X-X, 

10 with a supporting base - formed by a transverse part 
1 A and by two hinges 5 a distance apart from each 
other - that has a certain transverse length and has 
a lateral portion relative to the front wheel R. Between 
the frame 3 and the arm 1 an elastic spring-damper 

15 system 7 acts. The mobile front end of the arm 1 car- 
ries a pin 9 (Fig. 5, 6) whose axis lies in the vertical 
longitudinal plane of symmetry of the motor vehicle, 
suitably inclined to provide the necessary trail AV. 
Pivoting on the pin 9 is the hub 10 of the wheel R. This 

20 pin 9 forms the steering axis of the wheel and trans- 
mits to the arm 1 the forces and moments generated 
by the reaction of the ground. 

The wheel is steered by an articulated system be- 
tween the handlebars 12 (rotatable inside the support 

25 14) and a lateral upward extension 1 0A of the hub 10. 
The articulated system comprises (in the example 
shown in Figs. 1 to 6) a connecting rod 16, a control 
bar 18, 18A and a Hooke-type joint 20 connected di- 
rectly to the handlebars. A pivot 22 between the con- 

30 necting rod 1 6 and the bar 1 8, and a pivot 24 between 
the connecting rod 16 and the hub 10 extension 10A, 
are cylindrical pivots with no appreciable play, and 
are able rigidly to transmit forces and moments that 
involve no rotation about their respective axes, which 

35 extend essentially transversely when the vehicle is 
moving in a straight line. Said rotations about the 
axes of the pivots 22 and 24, together with the rota- 
tion of the Hooke-type joint 20, enable the wheel R to 
oscillate freely through the trajectory imposed upon 

40 it by the pivoting arm 1 of the front suspension. By 
construction, the axes of said cylindrical pivots 22 
and 24 are transverse, horizontal and parallel to each 
other when the steering is in the central position, but 
have to rotate with respect to each other about the 

45 longitudinal axis A-A (Fig. 4) of the connecting rod 16 
when the wheel is turned and is oscillating vertically 
owing to the action of the suspension. This condition, 
in the possible but not restrictive embodiment illu- 
strated, can be achieved, as shown in Fig. 4, by using 

so a tube-type connecting rod 16 permitting angular 
movement but not relative sliding. Alternatively, in- 
stead of the cylindrical pivot 22 or 24, a Hooke-type 
joint could be used, or any other joint that would per- 
mit the bar 18 to move out of the mid plane of the 

55 wheel but would also transmit moments of which the 
axis is parallel to that of the pin 9 between the bar 18 
and the hub 10. 

Figs. 7 to 10 present alternative embodiments of 
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the pivots 22 and 24. 

More precisely, in Fig. 7 the connecting rod 16 is 
connected to the hub 10 extension 1 0A by a cylindri- 
cal pivot 24 similar to that used in the embodiment 
shown in Figs. 1 to 6. Trie connection between the 5 
connecting rod 16 and the control bar 18, however, is 
formed in this case by a Hooke-type joint, also label- 
led 22. The cross-piece of the joint 22 is connected to 
a fork integral with the bar 18 and to a fork integral 
with the connecting rod 16. The Hooke-type joint 22 10 
is therefore a pivot of transverse axis between the 
connecting rod 16 and bar 18 and simultaneously pro- 
vides a pivot about a longitudinal axis, which replaces 
the pivot shown in Figs. 1 to 6 of the tube-type con- 
necting rod. In the embodiment shown in Fig. 7, there- 1 5 
fore, the transverse axes of the pivots 22, 24 always 
remain at least approximately parallel, while the bar 
1 8 may swing with respect to the extension 1 0A about 
an approximately longitudinal axis lying on the verti- 
cal plane passing through the mid line of the wheel R. 20 

Fig. 8 shows a similar version to Fig. 7 with a 
Hooke-type joint for the pivot 22. Here, however, the 
forks of the Hooke-type joint 22 have been rotated, 
and the transverse axes of the pivots 22, 24 assume 
a non-aligned position during steering. 25 

The versions shown in Figs. 9 and 1 0 differ from 
the versions of Figs. 7 and 8 in that the pivot 22 is a 
simple hinge (as in Figs. 1 to 5), while the pivot 24 is 
a Hooke-type joint The same considerations as ap- 
plied in Figs. 7 and 8 also apply here: in Fig. 9 the bar 30 
18 and the connecting rod 16 can swing with respect 
to the extension 1 0A about a longitudinal axis, while 
the transverse axes of the pivots 22, 24 remain par- 
allel with each other. In Fig. 10, the transverse axes 
of the pivots 22, 24 can adopt a non-aligned position 35 
during steering. 

Fig. 11 shows a variant of the suspension, while 
the articulated system to which the handlebars are 
connected is similar to that illustrated in Figs. 1 to 6. 
In Fig. 1 1 , the wheel R1 is provided with an articulated 40 
quadrilateral-type suspension 201, 203, 101, 110, in 
which two of the joints (305, 307) are cylindrical with 
their axes transverse to the frame, and the other two 
(301 and 303) are ball joints on the extension of the 
hub 110 of the wheel R1. The steering axis passes 45 
through the centres of said two ball joints. The pivots 
322 and 324 meet the same requirements as 22 and 
24, and likewise for the connecting rod 316. 

Of the main advantages of the embodiments de- 
scribed, the following may be highlighted: 50 
Ay the part of the frame connecting to the joint 5 
of the front suspension arm 1 with the joint 30 of 
the rear suspension 32 is very short and is 
straight and can therefore easily, economically 
and with very little weight be made highly rigid, 55 
which is an advantage to the steering, because 
the stresses caused by the roadway do not alter 
the relative position of the front and rear wheels; 


By the front wheel R is side-mounted and is 
therefore easy to remove, but the problem found 
in present-day suspensions employing a side- 
mounted wheel and a swinging arm, in which it is 
practically impossible to move the centre of grav- 
ity of the system to the plane of the steering axis, 
making it difficult to suppress weight-induced 
moments about the axis of the handlebars, is 
overcome: with the suspension herein described, 
the only necessarily eccentric part is the hub part 
1 0A between the interior of the wheel and the piv- 
ot 24, but its moment with respect to the pivot 9 
can be easily compensated for by the opposite 
moment of the brake disc or drum and by the 
wheel disc, thus restoring the centre of gravity 
more or less to the mid plane of the system; 
Cy in its forward part above the pivots of the 
spring-damper unit 7, the frame 3 can be very 
light as the only loads it is required to withstand 
are steering loads and not suspension loads; 
Dy the axis of the handlebars 12 can be moved 
longitudinally because there is no structural con- 
nection between said axis of rotation and the 
frame. 

In a preferred embodiment of the invention, in its 
forward part the frame 3 may consist (Fig. 2) of two 
lateral elements 3A connected in their upper part by 
a transverse part 3B to form an inverted U which sup- 
ports the support 14 of the handlebars 12. This con- 
struction avoids any clutter in the central part of the 
vehicle beneath the handlebars where there is usual- 
ly a central steering column with the headset and so 
leaves plenty of space for luggage. The luggage 
space may be fitted with a door that can be opened 
by a person sitting on the motorcycle saddle: the ar- 
ticulated system 1 0A, 16, 18 is no obstacle to this 
manoeuvre because the connecting rod 16 points for- 
ward, with the bar 18 therefore leading out in front of 
the handlebars. Nevertheless it is possible for the 
connecting rod 16 to point in the opposite direction, 
bringing the pivot 22 towards the frame 3, 3A and 
hence making the bar 18 more inclined to the horizon- 
tal and closer to the frame 3, 3A. In this case the lug- 
gage space will have to be located in front of the bar 
1 8 and will be accessible from the front 

It will be understood that the drawing shows a 
purely illustrative embodiment merely by way of a 
practical demonstration of the invention, it being pos- 
sible for the invention to be modified as regards 
shapes and arrangements without thereby departing 
from the scope of the concept underlying said inven- 
tion. The purpose of any reference numerals in the ac- 
companying claims is purely to facilitate the reading 
of the claims with reference to the description and to 
the drawing, and does notlimit the scope of protection 
represented by the claims. 
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Claims 

1 . A steering system for the front wheel (R, R 1 ) of a 
motor vehicle having a single front steering 
wheel, including: a handlebar (12); a supporting 
member (1 OA; 1 1 0) for the front wheel; a suspen- 
sion (1, 7, 101, 201) to which said supporting 
member (10A; 110) is hinged about a steering 
axis; and a link assembly (16, 18, 20) connecting 
said handlebar (12) to said supporting member 
(10A), said link assembly including a control bar 
(1 8) a first end of which is linked to said handlebar 
(12) by means of a Hook-type joint or equivalent 
(20), and a connecting rod (16) a first end of 
which is hinged via a first pivot (22) having a 
transverse axis to a second end of said control 
bar (18), the second end of said connecting rod 
(16) being connected to said supporting member 
(10A; 110) via a second pivot (24) having a tras- 
verse axis, characterized in that said first pivot 
(22) and said second pivot (24) are mutually con- 
nected by said connecting rod (16) in such a way 
that during steering the axes of said pivots can 
oscillate one with respect to the other about a 
longitudinal axis extending substantially parallel 
to said connecting rod (16). 

2. Steering system according to claim 1 , character- 
ized in that said connecting rod (16) is made of 
two axially connected parts, which are free to an- 
gularly move one with respect to the other about 
an axis parallel to the axis of the connecting rod, 
and that the first part of said connecting rod is 
hinged to said control bar (18) and the second 
part is hinged to said supporting member (10A; 
110). 

3. Steering system according to claim 2, character- 
ized in that said two parts of said connecting rod 
(16) are coaxial. 

4. Steering system according to claim 1 , character- 
ized in that the first end of said connecting rod 
(16) is hinged to said control bar (18) via a Hook- 
type joint forming said first pivot (22). 

5. Steering system according to claim 1 , character- 
ized in that the second end of said connecting rod 
(16) is hinged to said supporting member (10A; 
110) via a Hook-type joint forming said second 
pivot (24). 

6. Steering system according to one or more of the 
preceding claims, characterized in that said con- 
trol bar (18) is longer than said connecting rod 
(16). 

7. Steering system according to one or more of the 


preceding claims, characterized in that the con- 
necting rod (16) points forward, the end pivoting 
on the control bar (18) being further forward, with 
respect to the forward motion of said motor veh i- 
5 cle, than the end pivoting on the supporting mem- 

ber (1 OA; 110). 

8. Steering system according to one or more of the 
preceding claims, characterized in that the front 

10 wheel (R; R1 ) is supported by at least one swing- 
ing suspension arm (1 ; 1 01 ) pivoting on the frame 
(3; 203) about a transverse axis (X-X), extending 
forwards and being located laterally to the front 
wheel (R; R1), said swinging arm (1; 101) sup- 

15 porting a pivot (9; 301) on which the pivot (1 0) of 
the wheel (R; R1) pivots. 

9. Steering system according to claim 8, character- 
ized in that said wheel (R1) is supported by two 

20 swinging arms (101, 201) hinged to the frame 
(203) on cylindrical pivots (305, 307) having sub- 
stantially transverse axes and to the wheel (R1) 
on ball joints (301, 303), said ball joints defining 
the steering axis. 
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